We study the associated production of the A 0 neutral CP-odd Higgs boson with a neutral gauge boson Z as well as single production of A 0 via e + e − → ν eνe A 0 at the one loop level in the Minimal Supersymmetric Standard Model (MSSM). We show that the MSSM cross-section may be enhanced by light SUSY particles. Then we study the production processes e + e − → H 0 i Z, H 0 i ν e ν e and H 0 i H 0 j in the context of the MSSM with scalar-pseudoscalar mixing. In a given channel we show that the cross-section for all i (= 1, 2, 3) can be above 0.1 fb provided M H 2,3 < ∼ 300 GeV. This should be detectable at a Next Linear Collider and would provide evidence for scalar-pseudoscalar mixing.
1.
Recently, the phenomenology of the MSSM with complex SUSY parameters has received growing attention [1] . Such phases give new sources of CP violation which may provide: electroweak baryogenesis scenarios and CP violating phenomena in K and B decays [2] . It has been shown that by assuming universality of the gaugino masses at a high energy scale, the effects of complex soft SUSY parameters in the MSSM can be parametrized by two independent CP phases: the phase of the Higgsino mass term µ (Arg(µ)) and the phase of the trilinear scalar coupling parameters A = A f (Arg(A f )) of the sfermions f. The presence of large SUSY phases can give contributions to the electric dipole moments of the electron and neutron (EDM) which exceed the experimental upper bounds. In a variety of SUSY models such phases turn out to be severely suppressed by such constraints i.e. Arg(µ) < (10 −2 ) for a SUSY mass scale of the order of few hundred GeV [3] .
However, the possibility of having large CP violating phases can still be consistent with experimental data in any of the following three scenarios: i) Effective SUSY models [3] , ii) Cancellation mechanism [4] and iii) Non-universality of trilinear couplings A f [5] . It is well known that the presence of SUSY CP violating phases induces mixing between the CP-even and CP-odd scalars, resulting in the 3 mass eigenstates H which do not have a definite CP parity. This mixing affects their phenomenology at present and future colliders, both in production mechanisms and decay partial widths [6, 7, 8] .
In this study we will consider various production mechanisms for neutral Higgs bosons of the MSSM (with and without scalar-pseudoscalar mixing) in the context of a NLC with √ s = 500 GeV and 800 GeV.
2.
The study of the various production mechanisms of the CP-odd A 0 Higgs boson is well motivated since the discovery of such a particle would signify that the electroweak symmetry breaking is introduced by more that one Higgs doublet. The CP-odd A 0 possesses no tree-level coupling A 0 ZZ and A 0 WW, and so it cannot be produced at tree level neither via the Higgstrahlung process nor via W-W fusion. Both of those processes can be generated at one-loop order [9, 10, 11] . The one-loop diagrams for e + e − → ZA 0 and e + e − → ν eνe A 0 can be found respectively in [9, 11] . For both processes, the calculation was performed within the dimensional regularisation scheme with the help of FeynArts and FormCalc [12] .
For our numerical evaluation, we will take into account the following considerations: The CP conserving MSSM Higgs sector is parametrized by the CP-odd mass M A and tan β, taking into account radiative corrections to the lightest Higgs boson. We limit ourselves to the case where tan β ≥ 2.5. The chargino/neutralino sector can be parametrized by the usual M 1 , M 2 and µ. We assume that M 1 ≈ M 2 /2 and µ > 0. In our analysis we will take into account the following constraints when the SUSY parameters are varied: i) the extra contribution δρ to the ρ parameter [13] should not exceed the current limits from experimental measurements δρ < ∼ 10 −3 , ii) mt
> 50 GeV and m h > 110 GeV.
Following the approach of [14] we assume a detection threshold of 0.1 fb for e + e − → A 0 Z. This would give 50 events before experimental cuts for the expected luminosities of 500 fb −1 . In the THDM this criterion would require tan β ≤ 0.3, even for a light pseudoscalar [9] .
We start by recalling that the THDM contribution to e + e − → A 0 Z [9] in the small tan β regime is enhanced by the top quark contribution, leading to cross-sections of order 0.04 fb. In the large tan β regime the cross-section is suppressed and does not attain observable rates. In the MSSM we limit ourself to the case where tan β ≥ 2.5, and consequently the THDM contribution is suppressed to the order of ≈ 0.002 fb at √ s = 500 GeV. The light SUSY particles (charginos) can slightly enhance the cross section, see Fig. 1 (left pannel), but due to a cancellation between the vertex and box diagrams the light SUSY enhancement turns out to be not very promising. The maximum cross-section for light M A is about 0.005 fb for tan β = 2.5. As can be seen in Fig. 1 , the cross-section can also be enhanced by polarizing the electron and positron beams.
Let us now discuss the single CP-odd Higgs boson production e + e − → ν eνe A 0 . This one-loop process has contributions from: i) one-loop W-W fusion to A 0 , ii) the one loop process e + e − → A 0 Z followed by Z decay to ν eνe , and iii) box diagrams [11] . In our study we have omitted the five point-functions, since these five point-functions do not have any enhancement factor, like a top quark or a scalar top quark inside the loop. Hence their contribution is expected to be smaller. Ref. [10] evaluated the top-bottom contribution to e + e − → ν eνe A 0 coming from the one-loop W-W fusion to A 0 . In Fig. 1 
, would be a way of probing CP violation in the Higgs sector. We will calculate the tree-level rates of the above mechanisms in the context of the MSSM with scalar-pseudoscalar mixing, showing that in the most favourable scenarios this way of probing scalar-pseudoscalar mixing can be effective if M H 2,3 < ∼ 300 GeV.
It has been shown [1] that sizeable scalar-pseudoscalar mixing is possible for large |µ|,|A t | > M SU SY . In [1] the mass matrix M 2 ij is evaluated to one-loop order using effective potential techniques and includes large two-loop non-logarithmic corrections induced by one-loop threshold effects on the top and bottom quark Yukawa couplings. The public code which we will employ in our numerical analysis can be found in [15] .
In the CP conserving MSSM, C 1 = sin(β − α) while one of C 2 ,C 3 is identified as cos(β − α), and the other is identically zero. C i ≡ 0 corresponds to the couplings A 0 ZZ and A 0 W W , which will take on a non-zero value at 1-loop. 
In the MSSM (with or without SUSY phases), the properties of the lightest eigenstate H 0 1 become very similar to that of the SM Higgs boson in the decoupling region of M H ± ≥ 250 GeV. In this region, C 1 is very close to 1, and so the sum C 2 2 + C 2 3 is constrained to be small (a consequence of the sum-rules). Therefore we expect that M H ± ≤ 250 GeV will allow larger values for the sum C in the above mechanisms. Distinct signals for all three H 0 i in a given channel would be evidence for scalar-pseudoscalar mixing ‡ . We now present our numerical results which we will generate with the fortran program cph.f [15] . We note that this program does not include χ + -W -H ± contributions to the 1-loop neutral Higgs mass matrix, which have been shown to be sizeable in some regions of parameter space [16] .
We are concerned with a NLC collider which has the ability to probe σ(e + e − → H and larger M H i . We shall be presenting results for the production cross-sections of all the above mechanisms. Note that the cross-sections for the processes
− → ZA 0 and e + e − → ν e ν e h 0 /H 0 in the CP conserving MSSM are accurately known [9, 17, 18] . Deviations from these rates would be evidence for scalar-pseudoscalar mixing.
In our numerical analysis we will choose the CP violating benchmark scenario (CPX) which maximizes the CP violating effects:
Note that µ will be taken real while we allow a CP phase in the soft tri-linear parameters A t and A b . The CP phases of A t and A b are chosen to be equal. In addition, we choose the charged Higgs mass and tan β as free parameters.
Our strategy to probe the scalar-pseudoscalar mixing requires the identification of the Higgs signals as distinct resonances. The inclusion of the phases in A t and A b breaks the near degeneracy among M H 2 and M H 3 [1] , and gives sufficient splittings to allow identification of separate resonances for H 0 2 and H 0 3 . These splittings may be > 10 GeV, which is sufficiently large for a NLC [19] to resolve the separate peaks. This will lead to three different peaks in the Higgsstrahlung and W W fusion processes and motivates us to We study the potential of a NLC to discover such a weakly coupled Higgs.
In Fig. 2 Fig. 2 (right panels) we show σ(
) for tan β = 6, and M SU SY = 1000 GeV. Due to its phase space suppression, this mechanism offers smaller cross-sections than the Higgsstrahlung and W W fusion processes, and consequently it is not as effective at probing the scalar-pseudoscalar mixing. Using the fact that 4. To conclude, we have studied various production mechanisms for neutral Higgs bosons in the MSSM in the context of a high-energy e + e − collider. We computed the cross-section for the production mechanisms e + e − → A 0 Z and e + e − → ν eνe A 0 in the framework of the MSSM. Such processes proceed via higher order diagrams and are strongly model dependent. In the MSSM light SUSY particles may give an enhancement to the cross-sections but such not sufficient to be observable at NLC.
We then studied the production processes e + e − → H 
